Antihypertensive efficacy and safety of losartan/hydrochlorothiazide (HCTZ) combinations have not been adequately studied in Asians. In this open-label, 12-week study in seven Asian areas, patients on monotherapy with angiotensin receptor blockers (ARBs) or angiotensin-converting enzyme inhibitors (ACEIs) but not at blood pressure (BP) goal (sitting diastolic BP (SiDBP) o90 mm Hg in non-diabetics and o80 mm Hg in diabetics) were switched to losartan 50 mg/HCTZ 12.5 mg. At 4 and 8 weeks, the therapy for patients not at goal BP was titrated to losartan 100 mg/HCTZ 12.5 mg and to losartan 100 mg/HCTZ 25 mg, respectively. Data analysis included 430 patients with mean (s.d.) age 53.0 (10.1) years and 51.9% of the female gender. After 8 weeks (primary end point; titration up to losartan 100 mg/HCTZ 12.5 mg), 73.5% (95% confidence interval (CI): 69.0-77.6) of patients reached BP goal; 63.4 and 78.1% of patients reached BP goal at 4 weeks (titration up to losartan 50 mg/HCTZ 12.5 mg) and at 12 weeks (titration up to losartan 100 mg/HCTZ 25 mg). The mean changes from baseline (95% CI) in sitting systolic BP and SiDBP at 8 weeks were À16.7 (À18.0 to À15.4) mm Hg and À12.1 (À12.9 to À11.4) mm Hg, respectively. Clinical and laboratory adverse experiences (AEs) were reported in 27.5 and 21.0% of patients, respectively. Nine patients were discontinued because of drug-related clinical AEs. Switching Asian patients currently not at BP goal with ARB or ACEI monotherapy to a losartan/HCTZ combination achieved BP goal in the majority of patients. Losartan/HCTZ combinations were generally well tolerated.
INTRODUCTION
The recent report of the Asia-Pacific Cohort Studies Collaboration that analyzed available data from 15 countries in the Asia-Pacific region suggested that 'up to 66% of some subtypes of cardiovascular disease can be attributed to hypertension underscoring the immense impact that blood pressure (BP)-lowering strategies could have in this populous region.' 1 The prevailing global definition of essential hypertension is clinic arterial diastolic BP (DBP) 490 mm Hg or systolic BP (SBP) 4140 mm Hg. [2] [3] [4] Using this definition, the non-age-adjusted prevalence of hypertension is high in most countries in the AsiaPacific region, including those involved in this study. 1 The reduction in BP is the primary goal of current international hypertension treatment guidelines, such as those from the International Society of Hypertension/World Health Organization (ISH/ WHO), the European Society of Hypertension/European Society of Cardiology (ESH/ESC) and The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-7). [2] [3] [4] Combination therapy has been recognized to achieve lower BP goals, and these guidelines discuss the choice and use of combination therapy. The combination of diuretics with angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) is based on their complementary mechanisms of action (for example, to increase sodium excretion with blockade of angiotensin II-induced vasoconstriction). 5 It is well established that the combination of an ARB and hydrochlorothiazide (HCTZ) produces more substantial BP responses than monotherapy with either component. 6 Losartan was the first compound in the ARB therapeutic class. The efficacy and safety of losartan alone and in combination with HCTZ has been well documented, albeit in mostly non-Asian patients. 7, 8 Long-term beneficial effects of the losartan/HCTZ combination have been shown to be lowering BP and also reducing the risk of hypertensive changes such as left ventricular hypertrophy 9 and proteinuria 10 and end points such as end-stage renal disease 11 and stroke. 12 The majority of clinical evidence with losartan/HCTZ has been in non-Asian patients. There have been few studies with losartan 100 mg/HCTZ 12.5 mg. This combination has been developed because studies suggest that the optimal dose of losartan to reduce proteinuria is 100 mg day À1 . [13] [14] [15] In addition, although unwanted effects of diuretics are usually seen at higher doses (for example, HCTZ 450 mg), 16 some physicians prefer to use HCTZ 12.5 mg. The present study, the Asian Hypertension Evaluation of Angiotensin II Antagonist Losartan+HCTZ (HEAALTH) study, was therefore undertaken to evaluate the antihypertensive effects and safety of the losartan/ HCTZ combinations, especially losartan 100 mg/HCTZ 12.5 mg, in Asian patients who were not currently at BP goal with prior monotherapy of the usual (submaximal) doses of ACEIs or ARBs.
METHODS

Study sites and ethics
This study was conducted at 32 centers within seven Asian countries and areas (China, Hong Kong, Korea, Malaysia, the Philippines, Taiwan and Thailand). The study protocol was approved by the institutional review board at each clinical center. All patients gave written informed consent to participate in the study, in accordance with the Declaration of Helsinki. Execution and monitoring of the study were conducted in accordance with requirements of good clinical practice.
Patient selection
Eligible patients had essential hypertension (sitting DBP (SiDBP) X90 to o110 mm Hg in non-diabetic and SiDBP X80 to o100 mm Hg in diabetic patients), were men or women X18 years old and were Asian. Patients were excluded from the study if there was any evidence of clinically significant hematological, renal, hepatic or gastrointestinal tract problems; known drug hypersensitivities; or diseases involving the cerebrovascular, immune or cardiovascular systems, including myocardial infarction or left ventricular dysfunction (ejection fraction p50%). Patients were also excluded from the study because of the concomitant use of antihypertensive medications, lithium, psychotropic agents or antidepressants; non-steroidal anti-inflammatory drugs, cyclooxygenase II inhibitors or daily high-dose aspirin; astemizole, terfenadine or any other agent with an effect on BP. Pregnant or breastfeeding women were ineligible.
Study procedures
This was an open-label, multicenter study consisting of a 1-week screening/ baseline period on antihypertensive monotherapy (visits 1 and 2) and a 12-week losartan/HCTZ treatment period. Therapy was initiated as losartan 50 mg/HCTZ 12.5 mg and, if the BP goal was not reached, titrated to losartan 100 mg/HCTZ 12.5 mg at 4 weeks and to losartan 100 mg/HCTZ 25 mg at 8 weeks. Of the 512 patients screened, 437 who met the eligibility and whose BP was not controlled on antihypertensive monotherapy (SiDBP X90 mm Hg in non-diabetic and SiDBP X80 mm Hg in diabetic patients) were enrolled into the treatment period at visit 2 and switched to the losartan 50 mg/HCTZ 12.5 mg fixed-dose combination. All laboratory testing for each visit was conducted at local laboratories and, except for the screening visit, all clinic visits had to be carried out before 1200 noon to ensure that the BP measurements were performed at trough 22-26 h after the last dose of study medication.
Study medications
All study medications were obtained from local sources and administered open label. Patients were instructed to take all study medications regularly between 0600 and 1000 hours after breakfast in the morning of every study day, except on days when a clinic visit was scheduled. On the day of the clinic visit, the study medication was given at the conclusion of the visit. Pill count was checked at each visit to evaluate patient compliance.
Methods of observation
Trough sitting BP (using a mercury sphygmomanometer) and heart rate and standing (St) BP were measured at the beginning of every clinic visit. Patients sat for at least 5 min before sitting BPs were recorded. Sitting BP was determined from an average of three measurements obtained 1-2 min apart. None of the three consecutive SiDBP readings could be 45 mm Hg from the calculated average of the three readings. Patients stood for at least 1 min prior to St BP measurements. Only one reading was measured for St BP measurements. A 12-lead ECG was obtained at the beginning of the study.
All observed or volunteered adverse experiences (AEs) were recorded at each visit. Standard laboratory tests were performed at all visits.
Analysis plan and statistical methods
The primary variable was the percentage of patients who reached the BP goal after 8 weeks of treatment with the losartan/HCTZ combination (that is, week 8 was considered as the primary time point of the study). Patients were considered as having reached the BP goal if the last available trough SiDBP in the treatment period up to the time point of interest was o90 mm Hg in nondiabetics and o80 mm Hg in diabetics. This study was an estimation study. Therefore, no hypotheses were tested. Assuming that the percentage of patients who reach the BP goal is expected to be within the range of 50-60%, a study with 400 patients provides estimation for the percentage of patients reaching the BP goal with a precision (that is, half-width of the 95% confidence interval (CI) for the estimate) of approximately 5.0%; that is, the two-sided 95% CI for the estimate extends a distance of approximately 5% from the estimated percentage in both directions. The primary efficacy variable, the percentage of patients who reach the BP goal after 8 weeks of treatment with losartan 50 mg/HCTZ 12.5 mg combination therapy, was calculated and a 95% CI around the estimated percentage was constructed.
The principal population for analysis of efficacy was the full analysis set cohort, which comprised all patients who took at least one dose of open-label study therapy and had an evaluable measurement for the variable of interest during the treatment period. A patient was also to have a baseline value to be included in the full analysis set population for analysis of change from the baseline. The measurement taken at the end of the screening/baseline period (visit 2) was used as the baseline value. The last available post-baseline measurement obtained during the period of combination treatment up to the time point of interest was used to evaluate efficacy; all such measurements were used, including the data collected at discontinuation and unscheduled visits. Additional inspections of the primary efficacy end point included an 'allcompleters' cohort, comprising only those patients who completed the study.
Secondary end points included mean changes from baseline for SiDBP (key secondary) and sitting SBP (SiSBP), responder rate (percentage of patients who reached the BP goal or at least a 10-mm Hg decrease in SiDBP) after 8 weeks of treatment and the percentage of patients who reached the BP goal after 12 weeks of treatment. Tertiary variables were measured at week 8 and included percentages of patients who reached the BP goal and responder rates in the subgroups of patients with baseline diabetes, with baseline ECG left ventricular hypertrophy and with baseline obesity (body mass index 425 kg m À2 ); mean change in microalbuminuria; and mean change in the Framingham stroke risk score. The key secondary variable, mean change from baseline in SiDBP at week 8, was estimated and 95% CI around the mean change from baseline was calculated. Other secondary and tertiary variables involving change from baseline to end point were analyzed in a manner similar to that of the key secondary variable. Secondary and tertiary variables involving percentages or responder rates were analyzed in a similar way as for the primary efficacy variable.
Compliance was defined as the total number of days the patient took openlabel study therapy divided by the total number of days the patient was supposed to be on therapy during the treatment period (that is, first day to last day of therapy intake).
The assessment of safety and tolerability of the losartan/HCTZ combinations was a specified secondary objective of the study. The safety population comprised all patients enrolled who received at least one dose of open-label study medication. All AEs that started after the first dose of open-label study therapy and up to 14 days after treatment discontinuation were included in the safety analysis.
RESULTS
Patient characteristics
The overall disposition of patients enrolled in the study is shown in Figure 1 . Of the 512 patients screened for inclusion in the study, 75 were excluded during screening and did not enter the study treatment period. Reasons for exclusion included non-eligibility (for example, non-fulfillment of BP requirements (n¼57)), withdrew consent (n¼13), lost to follow-up (n¼4), protocol deviation (n¼1). The remaining 437 (85.4%) patients met the inclusion criteria and were enrolled at 32 centers within seven countries. The majority of patients were from China and Korea (approximately 60%): China 24%, Hong Kong 4%, Korea 35%, Malaysia 11%, Philippines 12%, Taiwan 9% and Thailand 4%. A total of 391 patients (89.5%) completed the study.
All patients who were enrolled into the open-label treatment period were included in the baseline characteristics analyses (Table 1) . Mean age (s.d.) was 53.0 (10.1) years and mean (s.d.) duration of essential hypertension was 5.2 (7.3) years. Of the 437 enrolled patients, 313 (71.6%) had at least one secondary diagnosis. The most common secondary diagnoses included hyperlipidemia (14%), nonspecific dyslipidemia (6%), left ventricular hypertrophy (9%), diabetes mellitus (11%), menopause (10%), headache (7%) and dizziness (6%).
Mean baseline BP (s.d.) was 145.3 (13.5) mm Hg SiSBP and 95.0 (5.0) mm Hg SiDBP.
Fifty-five percent of the patients received ARB monotherapy and 48% received ACEI monotherapy as prior antihypertensive medication. The ARBs (number of patients, mean dose (s.d.)) used prior to losartan/HCTZ combination therapy were candesartan (n¼11, 8 (0) mg), eprosartan (n¼11, 572 (90) mg), irbesartan (n¼26, 150 (0) mg), losartan (n¼125, 49 (9) mg), olmesartan (n¼3, 23 (15) mg), telmisartan (n¼23, 40 (0) mg) and valsartan (n¼42, 93 (38) mg). The ACEIs used prior to losartan/HCTZ combination therapy were benazepril (n¼18, 10 (0) mg), captopril (n¼24, 40 (19) mg), cilazapril (n¼8, 3 (1) mg), enalapril (n¼49, 9 (3) mg), fosinopril (n¼7, 10 (0) mg), imidapril (n¼14, 9 (2) mg), lisinopril (n¼10, 10 (5) mg), moexipril (n¼4, 7.5 (0) mg), perindopril (n¼39, 4 (1) mg) and ramipril (n¼23, 4 (5) mg). (Figure 2) . Results of secondary analysis based on the cohort of patients who completed the study corroborated those obtained with the full analysis set approach. After 4 weeks and 12 weeks, the BP goal was attained by 63.4 and 78.1% of patients, respectively ( Figure 2) . Similar results were found in every subgroup analysis, including gender, age category, country, baseline SiDBP, baseline SiSBP and earlier use of antihypertensive drugs (data not shown).
Study therapy
The responder rate (percentage of patients who reached the BP goal or had at least a 10-mm Hg decrease in SiDBP) after 8 weeks of treatment was 78.1% (95% CI: 73.9-82.0). After 4 and 12 weeks, the responder rates were 67.8 and 83.3%, respectively (Figure 2 ).
Similar results with respect to the BP goal and responder rates were found after 8 weeks of treatment in the sub-populations of patients with baseline left ventricular hypertrophy and with baseline obesity. In the subgroup of diabetic patients, the BP goal was attained by 47.9%, whereas the responder rate was 64.6%. At the end of the study (week 12), 94/430 patients (22%) were non-responders (that is, not at BP goal). Of those 94 non-responders, 21 were diabetics (at week 12, 27 of the 48 diabetics reached the BP goal).
Changes in BP at weeks 4, 8 and 12 and other parameters
Sitting SBP/DBP were significantly reduced (mean change from baseline, Po0.001) at week 4 (À14.5/À10.2 mm Hg, titrated up to losartan 50 mg/HCTZ 12.5 mg), week 8 (À16.7/À12.1 mm Hg, titrated up to losartan 100 mg/HCTZ 12.5 mg) and week 12 (À17.7/ À12.6 mm Hg, titrated up to losartan 100 mg/HCTZ 25 mg) (Table 2, Figure 3 ). Reductions from baseline in StSBP and StDBP were seen after 8 weeks of treatment with the losartan/HCTZ combination; mean change from baseline in StSBP and StDBP was À15.8 and À10.8 mm Hg, respectively.
Reduction from baseline in microalbuminuria was seen after 8 weeks of treatment with losartan/HCTZ; mean change from baseline was À1.43 mg mmol À1 creatinine (95% CI: À2.82 to À0.05). The Framingham stroke risk score was also reduced after 8 weeks of treatment; the mean change from baseline was À2.28 (95% CI: À2.46 to À2.11). After 4 and 12 weeks, the mean changes from baseline were À1.98 and À2.44, respectively. At the end of 12 weeks, the Framingham stroke risk score changes from baseline were À2.22 in men and À2.65 in women.
Safety
All 437 patients were available for the safety analysis. The mean number of days on treatment was approximately 81. During the entire treatment period, 120 (27.5%) and 88 (21.0%) patients experienced one or more clinical and laboratory AE, respectively. Upper respiratory tract infection (n¼15, 3.4%), dizziness (n¼15, 3.4%) and headache (n¼12, 2.7%) were the most frequently recorded clinical AEs. Thirty-seven patients (8.5%) experienced at least one clinical AE that was considered possibly, probably or definitely drug related. Eleven (2.5%) serious AEs were recorded. One patient had two serious events (dizziness and nephropathy) that were considered definitely drug related; the patient made a full recovery but discontinued the study. Another patient experienced a serious AE of severe cellulitis leading to discontinuation. No death occurred during the study.
During the entire treatment period, laboratory AEs were identified in 88 patients (21.0%). None of these events was classified as serious and only two patients discontinued therapy (one patient experienced increased alanine aminotransferase and increased aspartate aminotransferase, and one patient experienced increased alanine aminotransferase). Increase in blood alanine aminotransferase (n¼18, 4.3%), uric acid (n¼21, 5.0%), glycosylated Hb (HbA1c) (n¼21, 5.0%), glucose (n¼14, 3.3%) and urine albumin (n¼9, 2.9%) were the most frequently reported laboratory AEs. Laboratory AEs that were considered to be possibly related to study medication were recorded in 30 patients (7.1%) ( Table 3 ). These were mainly increased blood uric acid (n¼18) and blood urea nitrogen (n¼7). No clinically meaningful changes in hematological variables were observed.
DISCUSSION
The present results show that the majority (73.5%) of Asian patients who were previously not at goal DBP on usual doses of ACE inhibitor or ARB monotherapy reached the primary end point of goal BP of DBP o90 mm Hg for non-diabetics and o80 mm Hg for diabetics when switched to losartan 50-100 mg/HCTZ 12.5 mg combination therapy for 8 weeks. In addition, 78.1% of patients responded to combination therapy at week 8, which was defined as DBP o90 mm Hg for non-diabetics and o80 mm Hg for diabetics or X10-mm Hg reduction in DBP. The majority of clinical experience with the losartan/HCTZ combination is with losartan 50 mg/HCTZ 12.5 mg in non-Asian patients. The only previously published study with the losartan 100 mg/HCTZ 12.5 mg combination is in non-Asian patients. 17 Patients whose BP was inadequately controlled (DBP 95-120 mm Hg) with losartan 100 mg monotherapy were randomized to continuation of losartan 100 mg monotherapy vs. losartan 100 mg/ Losartan 50 mg/ HCTZ 12.5 mg n = 429 Figure 2 Asian patients with blood pressure uncontrolled with usual doses of monotherapy with an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker who achieved blood pressure goal (black bars; trough sitting diastolic blood pressure o90 mm Hg in non-diabetics and o80 mm Hg in diabetics) or response (gray bars; trough sitting diastolic blood pressure o90 mm Hg in non-diabetics and o80 mm Hg in diabetics or reduction of sitting diastolic blood pressure X10 mm Hg) after monotherapy was switched to losartan/hydrochlorothiazide combination therapy.
Effectiveness of losartan/HCTZ combination therapy K-S Kim et al HCTZ 12.5 mg. After 6 weeks, 55.5% of the combination therapy group and 42.4% of the monotherapy group achieved goal BP (SiDBP o90 mm Hg), whereas 63% responded (mean trough DBP o90 or X10-mm Hg decrease in mean trough DBP) in the combination therapy group and 44.4% responded in the monotherapy group.
In this study, 63.4% of Asian patients reached the BP goal with losartan 50 mg/HCTZ 12.5 mg after 4 weeks, whereas 67.8% responded. These results are consistent with two earlier studies in non-Asian patients who were treated for 6 weeks with losartan 50 mg and with therapy titrated if DBP 490 mm Hg to either losartan 100 mg or losartan 50 mg/HCTZ 12.5 mg for an additional 6 weeks. 18, 19 In the first study, 70% responded (DBP o90 mm Hg or X90 mm Hg and reduction DBP 410 mm Hg) with losartan 50 mg/HCTZ 12.5 mg combination therapy and 60% responded with losartan 50-100 mg monotherapy. 18 In the second study, 76.8% responded with combination therapy and 73.1% with monotherapy. 19 In a study of patients of Asian descent with baseline DBP 95-115 mm Hg and SBP o190 mm Hg, 26.8% reached the BP goal of DBP o90 mm Hg after 4 weeks of valsartan 80 mg monotherapy.
Patients not at goal were switched to losartan 50 mg/HCTZ 12.5 mg for 4 weeks after which 72% reached the goal. 20 In a recent report, treatment for Japanese patients whose BP was uncontrolled (24 h ambulatory BP X135/80 mm Hg) after X2 months of treatment with either candesartan 8 mg or amlodipine 5 mg was switched to losartan 50 mg/HCTZ 12.5 mg. Twenty-four hours BP decreased significantly in both groups after 3 and 12 months of losartan/ HCTZ treatment. There were significant decreases in SBP in both groups during the daytime (0600-2130 hours), night time (2200-0530 hours) and early morning (0600-0800 hours) after 12 months of losartan/HCTZ treatment. 21 Losartan 100 mg/HCTZ 25 mg was the highest dose combination in this study and its optional use increased the percentage of patients who reached the goal to 78.1% and increased the response rate to 83.3%. Experience with this dose combination in non-Asians includes a study in which patients whose BP was uncontrolled (DBP 490 mm Hg) with simultaneous treatment with at least two singleagent drugs were switched to losartan 100 mg/HCTZ 25 mg. Control (DBP p90 mm Hg) and responder (DBP o90 mm Hg or reduction of DBP X10 mm Hg) rates were 63.0 and 82.1%, respectively, at 12 weeks. 22 In a study of untreated patients with moderate-to-severe essential hypertension or patients with uncontrolled hypertension despite treatment with monotherapy or low-dose combination, the response rate to losartan 100 mg/HCTZ 25 mg therapy was 87.8% (BP lowering 45 mm Hg of either 24 h SBP or 24 h DBP average values) after 8 weeks. 23 Current and prior clinical experience have shown that treatment with the losartan/HCTZ combination treatment can achieve clinically significant reductions of BP in Asian patients and that the magnitude of the reductions are consistent with those in non-Asian patients. Lower BPs are associated with reduced risk of cardiovascular events; 24 however, there are no end point studies carried out with losartan exclusively in Asian patients.
Urinary protein measurements may be important to assess patient risk and to determine the need to change therapy. 25 The spot method of urine collection and use of urinary albumin-creatinine ratio used in this study provided a convenient way to assess the effectiveness of 15 In that study, losartan 50 and 100 mg were comparable in lowering BP but losartan 100 mg showed a greater reduction in proteinuria in patients with all ACE polymorphs. There are limitations of this trial. This was an open-label trial with no comparator group. It is possible that some of the reductions in BP observed were because of a placebo effect. To minimize this possibility, patients were required to be on prior monotherapy for at least 4 weeks prior to screening and were instructed to stay on prior monotherapy for 1 week prior to initiation of study treatment. Patients were not enrolled if DBP varied more than 5 mm Hg at the two screening/ baseline visits. The mean difference (s.d.) between the two visits of enrolled patients was o1 mm Hg (DBP 95.6 (5.2) mm Hg at visit 1 and 95.0 (5.0) mm Hg at visit 2), indicative of BP stability during the screening period. Patient compliance was very good in this study as evaluated by investigator pill count at each visit. This may have contributed to the BP reductions observed. It should also be noted that BP was measured at trough (for example, 22-26 h after the last dose). Investigators agreed to call patients before each visit reminding them not to take the treatment on the morning of the visit and to schedule the visit in the morning. This procedure may have increased the compliance and therefore the treatment response.
Conclusions
Switching Asian patients who were currently not at BP goal on their previous treatment with ARB or ACEI monotherapy to losartan/ HCTZ combinations significantly reduced BP, achieving the BP goal in the majority of patients. These findings are consistent with earlier findings in non-Asian populations. The losartan/HCTZ combination was generally well tolerated in Asian patients, consistent with earlier findings in non-Asian populations.
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